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MicroRNA-205 suppresses the invasion and
epithelial-mesenchymal transition of human gastric cancer cells
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Abstract. Distant metastasis is the predominant pattern of
gastric cancer (GC) recurrence, and is the most common cause
of cancer-associated mortality. Accumulating evidence has
suggested that aberrant activation of epithelial-mesenchymal
transition has a crucial role in the genesis, invasion and metas-
tasis of various types of cancer, including GC. Using Cell
Counting kit-8 and Transwell assays, the effects of microRNA
(miR)-205 on the proliferation, migration and invasion of
NCI-H87 GC cells were determined, and the potential under-
lying mechanisms were explored. The results of the present
study demonstrated that miR-205, which has been reported
to function as a tumor suppressor in various types of cancer,
significantly suppressed the migration and invasion of GC
cells, which may be correlated with its suppressive effects on
EMT. Upon transfection with miR-205, the epithelial marker
CDH] (E-cadherin) was upregulated, and the mesenchymal
markers CDH2 (N-cadherin) and vimentin were suppressed.
Furthermore, zinc-finger E-box-binding homeobox factor-1
(ZEBI) was identified as a putative target gene of miR-205 in
GC, which may be associated with its suppressive effects. The
results of the present study may provide novel diagnostic and
therapeutic options for the treatment of human GC.

Introduction

Gastric cancer (GC) is one of the most common types of
cancer worldwide. Since the improvement of neoadjuvant
treatment for GC, which combines surgery with neoadjuvant
chemotherapy, the survival rate of GC has increased; however,
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in patients with metastatic disease the outcome is worse,
with <30% survival (1). The etiology of GC is complex, thus
resulting in the lack of an internationally accepted standard
early prevention regimen (2). Since distant metastasis is
the predominant pattern of GC recurrence, and is the most
common cause of cancer-associated mortality, it is important
to clarify its pathogenesis and to investigate the genes respon-
sible for this progress.

Epithelial-mesenchymal transition (EMT) is an embryonic
development program that is associated with changes in cell
morphology and increased expression of EMT-associated
genes. In cancer, EMT has been reported to confer motility
and invasiveness onto cancer cells, leading them to acquire
the ability to metastasize to distant sites (3,4). Previous studies
have demonstrated that aberrant EMT activation has a crucial
role in the genesis, invasion and metastasis of various types of
cancer (5,0),including GC (7). Ryu et al (8) analyzed numerous
GC specimens and reported that the majority of primary GC
tumors, and even premalignant lesions, exhibit a mesenchymal
phenotype as characterized by downregulation of CDHI
(E-cadherin), and upregulation of zinc-finger E-box-binding
homeobox factor-1 (ZEBI) and SNAII (Snail-1). In addition,
ZEBI and Snail-1 expression levels are positively associated
with expression of the cancer stem cell marker CD44 (8).
Furthermore, a previous study demonstrated that the expres-
sion of CDH2 (N-cadherin), which is normally expressed in
mesenchymal cells, was associated with the invasive pheno-
type of GC, further suggesting the important role of EMT in
the initiation and progression of GC (9).

In addition to traditional transcriptional genes, the role of
non-coding microRNAs (miRNAs) on the regulation of EMT
has been widely studied (10). miR-205 is a highly conserved
miRNA among various species, which has been reported to
be closely associated with metastasis in numerous types of
cancer (11,12). miR-205 is located in the second intron of the
LOC642587 locus in chromosome 1, and has been reported
to have an important role in orchestrating the morphogenesis
of epithelium during embryogenesis (13). miR-205 has been
reported to exhibit consistent overexpression in epidermis (14),
whereas, in cells that have undergone EMT progression, its
expression is downregulated, alongside a marked down-
regulation in E-cadherin, and an upregulation in N-cadherin
and fibronectin (15). Notably, a previous study reported that
by counteracting EMT, miR-205 expression is inversely
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associated with the aggressive behavior of malignant mesothe-
lioma and suppresses its tumor proliferation and invasion (16).
These results suggest that miR-205 may act as a suppressor
of EMT, as well as a tumor suppressor in cancer. A previous
study reported that the expression levels of miR-205 were
significantly downregulated in GC tissue, as compared with
in normal gastric tissue, and was negatively associated with
the clinical and pathological characteristics of patients (17).
However, the effects of miR-205 on the metastasis and EMT
progression of GC cells, and the underlying molecular mecha-
nisms, remain largely unknown.

The present study aimed to determine whether there was
a correlation between miR-205 expression and metastasis
of human GC cells. The results demonstrated that restored
miR-205 expression resulted in a marked inhibition in the
growth, migration and invasion of GC cells. In addition,
miR-205 suppressed the EMT progression of GC cells, which
may be due to the targeting of the EMT-related transcriptional
gene ZEBI.

Materials and methods

Cell culture and cell transfection. The NCI-H87 human GC cell
line was obtained from the American Type Culture Collection
(Manassas, VA, USA). The cells were cultured in Dulbecco's
modified Eagle medium (DMEM; Gibco; Thermo Fisher
Scientific, Inc., Waltham, MA, USA), supplemented with 10%
fetal bovine serum (FBS; PAA Laboratories GmbH, Pasching,
Austria), streptomycin (100 pg/ml; Sigma-Aldrich, St. Louis,
MO, USA) and penicillin (100 U/ml; Sigma-Aldrich) at 37°C
in a humidified atmosphere containing 5% CO,. miR-205
and scramble mimic were purchased from GE Dharmacon
(Lafayette, CO, USA), and were transfected into the cells
(1x10°) at a final concentration of 50 nM using DharmaFECT 1
(GE Dharmacon), according to the manufacturer's protocol.
The sequences were as follows: miR-205 5'-GAUUUCAGU
GGAGUGAAGUUC-3"; and scramble 5-UCCUUCAUUCCA
CCGGAGUCUG-3.

Cell Counting kit (CCK)-8 assay. In order to analyze cell
proliferation, NCI-H87 cells were seeded into 24-well plates
at 5x10° cells/well. The cells were incubated in 10% CCK-8
reagent (Dojindo Molecular Technologies, Inc., Kumamoto,
Japan) diluted in normal culture medium at 37°C, until visual
color conversion occurred. The absorbance in each well
was measured at 450 and 630 nm using a microplate reader
(Varioskan Flash; Thermo Fisher Scientific, Inc.) at 0, 24, 48
and 72 h post-transfection.

Cell migration and invasion assays. A Transwell device
containing 8 ym microporous membranes (Corning, Inc.,
Corning, NY) was placed into a 24-well plate. Normal
NCI-H87 cells, or NCI-H87 cells (4x10°) transfected with
miR-205 or scramble mimic were seeded in the upper
chamber alongside DMEM supplemented with 0.1% bovine
serum albumin (Sigma-Aldrich). DMEM supplemented
with 10% FBS served as chemoattractant. For the invasive
assays, the upper and lower chambers of the basal membrane
were coated with 5 mg/ml Matrigel (BD Biosciences,
Franklin Lakes, NJ, USA). The rate of migration/invasion
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was measured after 24 h. The cells adhering to the lower
surface were fixed and stained with 0.1% crystal violet
(Sigma-Aldrich), and transferred to a microscope slide. The
total number of invading cells was counted in six representa-
tive fields under a microscope (BX51; Olympus Corporation,
Tokyo, Japan) (magnification, 200x).

RNA extraction and reverse transcription-quantitative
polymerase chain reaction (RT-gPCR). Total RNA was
extracted from the cells using TRIzol® reagent (Invitrogen;
Thermo Fisher Scientific, Inc.), according to the manufac-
turer's protocol. Total RNA was then reverse transcribed
using the First-Strand cDNA Synthesis kit (Invitrogen;
Thermo Fisher Scientific, Inc.). The specific primers used
for reverse transcription were as follows: miR-205, 5'-TTA
TTGCTTAAGAATACGCGTAG-3'; ZEBI, 5"TTTTTTTTT
TTTTTTTTT-3'; and U6, 5'-"AAAATATGGAACGCTTCA
CGAATTTG-3' (Tsingke Biotechnology, Co., Ltd., Beijing,
China). Subsequently, qPCR was performed using the
QuantiTect SYBR Green PCR mixture (Invitrogen; Thermo
Fisher Scientific, Inc.) on an ABI PRISM 7900 Sequence
Detection system (Applied Biosystems; Thermo Fisher
Scientific, Inc.). The primers used for gPCR were as follows:
miR-205, sense 5'-GCGCTTATTGCTTAAGAATAC-3',
anti-sense 5'-CAGTGCAGGGTCCGAGGT-3"; ZEBI, sense
5'-AAACTCGAGTACTTCAATTCCTCGGTATTG-3',
anti-sense 5'-AAATCTAGACACACTGTTCTACAGTCC
AAGGC-3'; U6, sense 5S'-CTCGCTTCGGCAGCACATATA
CT-3', anti-sense 5'-ACGCTTCACGAATTTGCGTGTC-3";
and glyceraldehyde 3-phosphate dehydrogenase (GAPDH),
sense 5'-TCAACGACCACTTTGTCAAGCTCA-3', and
anti-sense 5'-GCTGGTGGTCCAGGGGTCTTACT-3". The
primers were synthesized by Tsingke Biotechnology, Co.,
Ltd. The expression levels of U6 and GAPDH were used
as an internal control for miRNA and mRNA expression,
respectively. The PCR cycling conditions were as follows:
94°C for 5 sec, followed by 40 cycles at 94°C for 5 sec and
60°C for 34 sec, and a final extension step at 72°C for 45 sec.
PCR efficiency was calculated using a relative standard curve
derived from a cDNA (1 ul; 20 ng/ul) mixture, and gave
regression coefficients >0.95. The relative expression levels
were evaluated using the 2224 method (18). All experiments
were repeated three times, in order to reduce curve-derived
variance.

Luciferase reporter assay. The whole 3'-untranslated
region (UTR) of ZEBI was amplified in 293T cells from
genomic DNA and cloned into the pGL-3-vector (Promega
Corporation, Madison, WI, USA) immediately downstream
of the Renilla luciferase gene. A mutated 3'-UTR of ZEBI, in
which the miR-205 target site was deleted (Mut), was gener-
ated using the QuickChange Site-Directed Mutagenesis kit
(Agilent Technologies, Inc., Santa Clara, CA, USA). NCI-H87
cells (1x10°/well) were seeded into 24-well plates 24 h prior
to transfection. The cells were co-transfected with 50 ng
pGL-3 firefly luciferase reporter, 10 ng pRL-TK Renilla lucif-
erase reporter and 50 nM miR-205 or scramble mimic using
Lipofectamine® 2000 (Invitrogen; Thermo Fisher Scientific,
Inc.). Cell lysates were prepared using Passive Lysis Buffer
(Promega Corporation) 48 h post-transfection, and luciferase
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activity was measured using the Dual-Luciferase Reporter
Assay (Promega Corporation). Results were normalized to
Renilla luciferase.

Rescue assay. The full length ZEBI gene open reading
frame (ORF) was amplified by PCR and cloned into a
pCDNA-3.1 construct (Promega Corporation), in order to
generate the pCDNA-3.1-ZEBI construct. Briefly, ZEBI ORF
was extracted for EcoRV and Xbal double digestion (New
England Biolabs, Inc., Ipswich, MA, USA), and purified gene
fragments were recovered. EcoRV and Xbal double digestion
of the pcDNA-3.1 expression vector was then performed. The
recovered target gene fragments were ligated into digested
pcDNA-3.1 expression vectors and identified using agarose
gel electrophoresis. An empty pCDNA-3.1 construct was
used as the control. The NCI-H87 cells were initially trans-
fected with miR-205 or scramble mimic (60 nM) in 6-well
plates. Following a 24 h culture, the NCI-H87 cells were
co-transfected with miR-205 mimic (30 nM) and 2.0 ug of
either pcDNA-3.1-ZEBI or pcDNA-3.1 constructs. The cells
were harvested at predetermined intervals and assessed as
necessary.

Western blot analysis. For western blotting, the cells
were harvested in ice-cold phosphate-buffered saline
48 h post-transfection, and lysed on ice in cold modified
radioimmunoprecipitation buffer (Beyotime Institute of
Biotechnology, Haimen, China) supplemented with protease
inhibitors (Roche Diagnostics, Basel, Switzerland). Protein
concentration was determined using the Bicinchoninic Acid
Protein Assay kit (Vigorous Biotechnology Beijing Co., Ltd.,
Beijing, China) and equal amounts of protein (30 ug) were
separated by 10% sodium dodecyl sulfate-polyacrylamide
gel electrophoresis. The gels were electroblotted onto
nitrocellulose membranes (EMD Millipore, Billerica, MA,
USA). The membranes were subsequently blocked for 2 h
with 5% non-fat dry milk in Tris-buffered saline containing
0.1% Tween-20, and incubated at 4°C overnight with primary
antibody. Detection was performed using alkaline phospha-
tase-conjugated anti-mouse (cat. no. 7056) and anti-rabbit
(cat. no. 7054) immunoglobulin G secondary antibodies
(1:5,000) and the blots were visualized using an enhanced
chemiluminescence system (EMD Millipore). The results of
western blotting were analyzed using Quantity One v4.6.2
(Bio-Rad Laboratories, Inc., Hercules, CA, USA). The
primary antibodies used were as follows: Rabbit monoclonal
anti-human ZEB (1:1,000; cat. no. 3396), mouse monoclonal
anti-human E-cadherin (1:1,000; cat. no. 14472), rabbit mono-
clonal anti-human vimentin (1:1,000; cat. no. 5741), rabbit
monoclonal anti-human N-cadherin (1:1,000; cat. no. 13116)
and rabbit monoclonal anti-human GAPDH (1:10,000;
cat. no. 5174), which was used as a negative control. All
primary and secondary antibodies were purchased from Cell
Signaling Technology, Inc. (Danvers, MA, USA).

Statistical analysis. All experiments were repeated at least
three times. Data are presented as the mean + standard devia-
tion of repeated experiments. Statistical analysis was carried
out using SPSS 15.0 software (SPSS Inc., Chicago, IL, USA).
Two-tailed Student's t-test was used to analyze the data.
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P<0.05 was considered to indicate a statistically significant
difference.

Results

miR-205 suppresses the proliferation, migration and invasion
of NCI-H87 cells. A previous study reported a downregulation
of miR-205 in GC tissue samples (17); however, its biological
significance on cancer progression remains unclear. To further
explore the effects of miR-205 on the malignant phenotype
of GC cells, NCI-H87 cells in which miR-205 was underex-
pressed (17), were exogenously transfected with miR-205 or a
scramble mimic. Upon transfection, the intracellular expres-
sion levels of miR-205 were ~100-fold higher the NCI-H87
cells transfected with the miR-205 mimic, as compared with
the scramble control group (Fig. 1A). In addition, the effects of
miR-205 on cell proliferation were determined using a CCK-8
assay. As shown in Fig. 1B, treatment with miR-205 signifi-
cantly suppressed the cell growth rate of the NCI-H87 cells.

Since miR-205 is closely associated with tumor metas-
tasis, the present study hypothesized that miR-205 may have
an important role in GC cell migration and invasion, which
promote tumor metastasis, giving rise to GC-associated
mortality. Therefore, the present study explored the effects of
miR-205 on the migration and invasion of NCI-H87 cells using
a Transwell assay. A Transwell assay without Matrigel demon-
strated that overexpression of miR-205 in NCI-H87 cells
resulted in a significant reduction in the number of cells that
passed through the chambers, as compared with the scramble
control group (240+45 vs. 85+15 cells) (P<0.05; Fig. 1C).
Subsequently, the chambers were coated with Matrigel, which
mimics the extracellular matrix, prior to experimentation. The
invasion assay exhibited similar results to the migration assay.
As shown in Fig. 1D, miR-205 overexpression significantly
reduced the number of NCI-H87 cells that passed through
the chambers (104+26 vs. 42+18 cells) (P<0.05). These results
indicate that miR-205 may efficiently suppress the motility
and invasiveness of GC cells in vitro.

miR-205 promotes an epithelial phenotype in GC cells. Since
miR-205 can inhibit gastric cancer cell migration and invasion,
the present study hypothesized that it may be associated with
the inhibition of EMT progression in GC cells. Since EMT is
often associated with a decrease or loss of epithelial markers,
including E-cadherin, and a gain of mesenchymal markers,
including vimentin and N-cadherin, the present study detected
the molecular alterations in cells overexpressing miR-205.
The protein expression levels of mesenchymal and epithelial
markers were detected in the NCI-H87 cells. As shown in
Fig. 2, the mesenchymal markers vimentin and N-cadherin
were consistently suppressed in NCI-H87 cells treated
with the miR-205 mimic. However, the epithelial marker
E-cadherin was markedly upregulated following transfection
with miR-205. These results suggest that overexpression of
miR-205 may induce an epithelial phenotype in GC cells.

ZEBI is a putative target gene of miR-205 in GC cells. To
explore the target genes associated with GC tumor progres-
sion triggered by miR-205, putative targets of miR-205 were
searched using prediction programs (Targetscan, http://genes.
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Figure 1. Effects of mircoRNA (miR)-205 on NCI-H87 gastric cancer cell proliferation and invasion. (A) Expression levels of miR-205 were detected in
NCI-H87 cells following transfection with miR-205 or a scramble mimic by quantitative polymerase chain reaction. (B) Cell proliferation of NCI-H87 cells
following transfection with miR-205 or a scramble mimic, as detected using Cell Counting kit-8. (C) Cell migration of NCI-H87 cells following transfection
with miR-205 or a scramble mimic, as detected using a Transwell assay. The relative number of cells that passed through the membrane per field is shown.
(D) Cell invasion of NCI-H87 cells following transfection with miR-205 or a scramble mimic, as detected using a Transwell assay. The relative ratio of invasive
cells per field is shown. Data are presented as the mean + standard deviation. "P<0.05, “P<0.01 vs. the scramble group.

o
X :\,Q% mit.edu/targetscan/ and miRanda, http:/www.microrna.org/
%c‘}‘b &3’ microrna/home.do). Among the common predicted targets
- of miR-205, ZEBI was selected as an ideal candidate due to
E-cadherin| a— its important role in EMT (15). ZEBI has previously been

reported as a target of miR-205 in breast cancer (19); however,
the interaction between miR-205 and ZEB-I has not been
Vimentin | o experimentally validated in GC.
To confirm miR-205 binding within the 3'-UTR of ZEBI,
a mutated 3'-UTR of ZEBI, in which the miR-205 target
site was deleted, was generated (Fig. 3A). Subsequently, the
effects of Mut and wild type 3'UTR constructs on NCI-H87
cells overexpressing miR-205 were determined using a
dual-luciferase detection system. As a result, significant
—— — suppression of luciferase activities were observed in the
NCI-H87 cells co-transfected with the wild type 3'UTR
Figure 2. MicroRNA (miR)-205 induced an epithelial phenotype in construct and miR-205 mimic, as compared with the Mut
NCI-H87 gastric cancer cells. Western blot analysis was used to determine ~ cOnstruct groups (Fig. 3B). These results suggest that miR-205
the expression of epithelial and mesenchymal marker proteins in NCI-H87 ~ may suppress the transcriptional activity of the ZEBI gene
c~ells transfected with miR-205 ora sc.ramble mimic. Following transfec- by targeting the binding site in the 3'UTR of ZEBI mRNA.
tion, the mesetherlal markers v1ment1p and N-cadherin were suppressed, Consistent with the reporter assays, transfection with miR-205
whereas the epithelial marker E-cadherin was upregulated. GAPDH, glyc- ’
eraldehyde 3-phosphate dehydrogenase. decreased the mRNA expression levels of ZEBI, as compared

N-cadherin| ——— ——
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Figure 3. MicroRNA (miR)-205 targets zinc-finger E-box-binding homeobox factor-1 (ZEBI) gene in NCI-H87 gastric cancer cells. (A) Schematic representa-
tion of ZEBI 3'-untranslated region (UTR) showing a putative miR-205 target site. (B) Relative luciferase activity of the indicated ZEBI reporter construct in
NCI-H87 cells co-transfected with miR-205 or a scramble mimic. (C) Quantitative polymerase chain reaction was performed to detect the expression levels
of ZEBI following trasnfection with miR-205 or a scramble mimic. (D) Western blot analysis of the protein expression levels of ZEB1 in NCI-H87 cells
transfected with miR-205 or a scramble mimic was performed. Data are presented as the mean + standard deviation. “P<0.01 vs. the scramble group. PC,
pcDNA-3.1 control; WT, wild type; MUT, mutant; GAPDH, glyceraldehyde 3-phosphate dehydrogenase.

with in the scramble group (Fig. 3C). In addition, according to
immunoblotting results, changes were detected in the protein
expression levels of ZEBI post-transfection with a miR-205
mimic. These results indicate that miR-205 may directly target
the expression of ZEBI in GC cells.

ZEBI is associated with the miR-205-mediated suppression of
proliferation and EMT progression. ZEBI is a transcriptional
inducer of EMT in cancer of epithelial origin, and has been
reported to have a key role in tumor metastasis (20). However,
whether it is involved in miR-205-mediated suppression of
migration and EMT progression in NCI-H87 cells remains
unclear. Therefore, a ‘rescue’ methodology was adopted to
examine the functional relevance of miR-205-ZEB/ interac-
tion in NCI-H87 cells. A novel construct containing the
full ORF of ZEBI was generated. Subsequently, NCI-H87
cells were co-transfected with miR-205 or a scramble mimic
alongside pcDNA-3.1-ZEBI or pcDNA-3.1 control constructs.
Post-transfection, the expression levels of ZEBI were restored
when the ZEBI construct was transfected into the NCI-H87
cells that had been transfected with a miR-205 mimic for
24 h (Fig. 4A). In agreement with the restored expression
of ZEBI, increased cell proliferation was observed in the
NCI-H87 cells transfected with the ZEBI construct following
transfection with the miR-205 mimic (Fig. 4B). Furthermore,
post-transfection with the ZEBI construct, the miR-205-medi-
ated suppression of cell invasion (Fig. 4C) in NCI-H87 cells
was also partially attenuated. The number of invasive cells
in the pcDNA-ZEBI + miR-205 and scramble + pcDNA3.1
groups were significantly reduced, as compared with in
the scramble + pcDNA-ZEBIgroup, and were significantly
increased as compared with in the miR-205 + pcDNA3.1 group.
Consistent with the restored expression of ZEBI, suppression of
N-cadherin was restored, and the upregulation of E-cadherin

was partially attenuated (Fig. 4A). These results indicate that
ZEBI may be a functional target of miR-205, contributing to its
role in the miR-205-mediated suppression of cell invasion and
EMT progression in GC cells.

Discussion

EMT is a fundamental process in embryonic development,
which is also considered an important step leading to tumor
invasion and metastasis (21). At present, previously unknown
markers, miRNAs, are considered to be important compo-
nents of the cancer signaling network and are emerging as
novel biomarkers of numerous diseases (22). miRNAs are a
group of endogenous, small, non-coding RNAs that modulate
protein expression by regulating the translational efficiency or
cleavage of targets (23). By partially complementing the 3'-UTR
of specific mRNAs, miRNAs induce the genetic silencing of
various target mRNAs, which are involved in numerous biolog-
ical processes, including EMT regulation (24). Previous studies
have reported the important role of miRNAs in the initiation
and progression of GC (25-27), and numerous tumor-associated
circulating miRNAs have been reported to possess potential
as novel, non-invasive biomarkers for the early detection of
GC (28). Therefore, improved knowledge regarding alterations
in miRNA expression during GC progression and metastasis
may provide novel options for the diagnosis and treatment of
GC. The present study provided important evidence in support
of miR-205 functioning as a tumor suppressor in GC.

miR-205 is a highly conserved gene among various
species, which has been closely associated with metastasis in
numerous types of cancer (11,12). In melanoma specimens,
E2F transcription factor 1 (E2FI) is negatively regulated by
miR-205. Overexpression of miR-205 leads to a mediation of
E2F-regulated Akt phosphorylation and an upregulation of
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Figure 4. Zinc-finger E-box-binding homeobox factor-1 (ZEBI) is involved in microRNA (miR)-205-dependent control of NCI-H87 gastric cancer cell prolifera-
tion and invasion. (A) Protein expression levels of ZEB1, vimentin, N-cadherin and E-cadherin in NCI-H87 cells co-transfected with either miR-205 or a scramble
mimic, and pcDNA-3.1-ZEBI or pcDNA-3.1 empty vector, as detected by western blotting. (B) Cell Counting kit-8 assays were performed to detect the effects of
ZEBI on miR-205-mediated cell proliferation inhibition. “P<0.05 vs. pcDNA-ZEBI + miR-205 and scramble + pcDNA3.1. (C) Cell invasion assays of NCI-H87
cells were performed to detect the effects of ZEBI on miR-205-mediated cell invasion inhibition. ‘P<0.01 vs. pcDNA-ZEBI + miR-205 and scramble + pcDNA3.1.

Data are presented as the mean + standard deviation.

pl6-INK4A, resulting in the suppression of cell proliferation (29).
Furthermore, by counteracting EMT, miR-205 expression is
inversely associated with the aggressive behavior of malignant
mesothelioma and is able to suppress its tumor proliferation
and invasion (16). A previous study reported that the expres-
sion levels of miR-205 were significantly downregulated in
GC tissue, as compared with in normal gastric tissue, and was
negatively associated with the clinical and pathological char-
acteristics of patients (17). In addition, inhibition of miR-205
significantly promoted the proliferation of GC cells, thus
suggesting the suppressive role of miR-205 in GC. However,
the effects of miR-205 on metastasis and EMT progression of
GC cells, and the underlying molecular mechanisms, remain
largely unknown. The present study demonstrated that restored
expression of miR-205 in the NCI-H87 GC cell line resulted
in inhibition of cell proliferation, migration and invasion.
Alongside suppressed cell invasion, miR-205 suppressed the
expression of epithelial markers and upregulated the expression
of mesenchymal markers in GC cells. The present study further
confirmed the effects of miR-205 on the biological function of
GC cells, thus suggesting the tumor suppressor role of miR-205
in GC.

To further identify the mechanisms underlying the
suppressive effects of miR-205, the putative targets of
miR-205 were explored. Among these genes, ZEBI was
selected. ZEBI, which is a member of the ZEB family, is a
transcriptional repressor that mediates its binding to paired
CAGGTA/G E-box-like promoter elements (30). Through
suppressing the expression of E-cadherin ZEBI induces
EMT and contributes to the progression of malignant
cancer (31). In addition, previous studies have demonstrated
that ZEBI expression is positively correlated with drug resis-
tance in cancer cells (19), and ZEBI knockdown was able
to chemosensitize pancreatic cancer cells to conventional
chemotherapy drugs, including gemcitabine, 5-fluorouracil
and cisplatin (32). The results of the present study demon-
strated that alterations in miR-205 expression in GC cells
led to the opposite effects associated with ZEB] alterations,
highlighting its negative regulation. Furthermore, the ZEB]
mRNA 3'-UTR bears a binding site of miR-205, and transfec-
tion with miR-205 resulted in the suppression of the mRNA
and protein expression levels of ZEB].

To further analyze whether ZEBI has an important
role in miR-205-mediated suppression of cell proliferation



and invasion, further rescue assays were performed. It was
suggested that miR-205 inhibited EMT progression via
targeting ZEBI in GC cells, since restored expression of ZEB]
could partially attenuate miR-205-mediated down-regulation
of N-cadherin and up-regulation of E-cadherin. Consistent
with the suppression of EMT, the suppression of prolif-
eration and invasion were also partially restored. However,
overexpression of ZEBI could not completely abolish
miR-205-mediated tumor suppression, thus suggesting that
other target genes may be involved in the suppression of GC.
Therefore, further research is required, in order to eluci-
date the exact mechanisms underlying miR-205-mediated
functions in GC cells. As more information regarding the
mechanisms is obtained, the opportunity to manipulate them
in cancer in order to suppress tumor metastasis may arise.

In conclusion, the results of the present study indicated that
aberrant expression of miR-205 may have a role in the tumor
progression and prognosis of patients with GC. Furthermore,
these data suggested that miR-205 may function as a tumor
suppressor, and may modulate GC cell proliferation, invasion
and EMT progression by directly and negatively regulating
ZEBI. Therefore, the restored expression of miR-205 may be
considered a potential therapeutic strategy for the treatment
of GC.
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